The effects of nuclear medium on the residue, mass and self energy of the positive and negative parity Σ, Λ and Ξ hyperons are investigated using the QCD sum rule method. In the calculations, the general interpolating currents of hyperons with an arbitrary mixing parameter are used. We compare the results obtained in medium with those of the vacuum and calculate the shifts in the corresponding parameters. It is found that the shifts on the residues in nuclear matter are over all positive for both the positive and negative parity hyperons, except for the positive parity Σ hyperon that the shift is negative. The shifts on the masses of these baryons are obtained to be negative. The shifts on the residues and masses of negative parity states are large compared to those of positive parities. The maximum shift belongs to the residue of the negative parity Λ hyperon. The vector self-energies gained by the positive parity baryons are large compared to the negative parities' vector self-energies. The maximum value of the vector self-energy belongs to the positive parity Σ hyperon.
Introduction
The study of in medium properties of hadrons constitutes one of the main research directions in QCD. It helps us gain valuable knowledge on the structure of dense astrophysical objects like neutron stars, QCD phase diagram, as well as perturbative and non-perturbative natures of QCD. The investigation of in-medium hadronic parameters can also help us in analyzing the results of heavy ion collision experiments. The effects of nuclear medium on nucleon parameters have been widely investigated in the literature [1] [2] [3] [4] [5] . But, there are a few number of works dedicated to the study of these effects on the properties of strange members of the octet baryons. It is well known that the nucleons are affected by the nuclear medium considerably [5] . As Σ, Λ and Ξ hyperons have also u and d quarks content their inside, it is expected that their parameters are also affected by the medium. The investigation of hyperons in nuclear medium and the comparison of the results with the nucleons can helps us to determine the order of SU(3) f violation in medium. The predictions of the scalar and vector self-energies of these particles can also provide valuable information on the scalar and vector in-medium couplings of these particles. In [6] , the authors study the self-energies of the Λ hyperon in nuclear medium using the finite-density QCD sum rules. Their calculations show that the vector and scalar self-energies of the Λ hyperon are substantially smaller than the corresponding nucleon self-energies. In [7] , the authors apply the same method to investigate the self-energies of the Σ hyperon propagating in nuclear matter. They find that the Lorentz vector self-energy of Σ is similar to that of the nucleon.
They show that the magnitude of Lorentz scalar self-energy of the Σ hyperon is close to the corresponding value of the nucleon; although it is sensitive to the strangeness content of the nucleon and to the density dependence of certain four-quark condensate. In [8] , the authors consider mass shifts for the baryon octet using a model independent approach to baryon-baryon interactions based on the chiral perturbation theory. In [9] , the authors have applied the chiral quark-meson coupling (CQMC) model by including the effects of gluon and pion exchanges to study the properties of hyperons in a nuclear matter. In [10] , S. R.
Beane et al. use nΣ
− scattering phase shifts to quantify the energy shift of the Σ − hyperon in dense neutron matter.
In the present work, we extend the above mentioned studies by including the negative parity hyperons. In particular, we use the QCD sum rule approach to calculate the shifts on the residues, masses and the self energies of Σ, Λ and Ξ hyperons due to the nuclear medium for both positive and negative parities. We use the most general form of the interpolating currents of these baryons and try to find reliable region for the general parameter entering the interpolating fields. We compare the results obtained with existing predictions in the literature for the positive parity hyperons.
The article is organized as follow. In section 2, we obtain QCD sum rules for the residues, masses and self energies of the Σ, Λ and Ξ hyperons in the nuclear matter. Section 3 is devoted to the numerical analyses of the sum rules and the comparison of the results with the existing predictions as well as with the vacuum results. Section 4 contains our concluding remarks.
2 In-medium QCD sum rules for the residues, masses and self energies of hyperons
To obtain the QCD sum rules for the residues , masses and self energies of Σ, Λ, Ξ hyperons in the presence of nuclear matter, the starting point is to consider the following two-point correlation function:
where p is the four momentum of the hyperon, |ψ 0 is the nuclear matter ground state and the subindex H is used for the Σ, Λ, Ξ hyperons. Here J H is the related interpolating current coupling to both the positive and negative parities. The general form of J H for the corresponding baryons are taken as [11, 12] 
As previously said, the parameter β is an arbitrary auxiliary parameter, and β = −1 corresponds to the Ioffe current [13] [14] [15] [16] . Considering the Lorentz covariance and parity invariance the correlation function can be decomposed as
where the Π i 's and Π ′ are the functions of the invariants p 2 and p · u with u being the four vector velocity of the nuclear medium. In the calculations, we will use the structures p, u and unit matrix I to construct the sum rules for the quantities under consideration. According to the method used, we calculate the aforesaid correlation function in two hadronic and OPE sides. Matching these two sides through a dispersion relation leads to the sum rules for the considered parameters.
Hadronic representation
The correlation function can be calculated by inserting complete sets of hyperon states with both parities and with the same quantum numbers as the interpolating currents.
After performing integral over four-x, we get 
which can be written as
where Σ µ νH ± and Σ S H ± are the vector and the scalar self-energies of the positive and negative parity hyperons in nuclear matter, respectively [17] . In general, we can write
where Σ νH ± and Σ ′ νH ± are constants and u µ is the four velocity of the nuclear medium.
Here, we neglect Σ ′ νH ± due to its small contribution (see also [17] ). Apart from the vacuum QCD calculations, the four-velocity of the nuclear matter is new concept that causes extra structures to the correlation function. We shall work in the rest frame of the hyperon with 
where gamma matrices. In coordinate-space, the light quark propagator at the nuclear medium has the following form in the fixed-point gauge [18] : 16) where ρ N is the nuclear matter density, χ a q andχ b q are the Grassmann background quark fields and F A µν are classical background gluon fields (for details see [18] ). The invariant Π
OP E i
(p) functions in the Borel scheme for each hyperon can be written in terms of the perturbative part and non-perturbative parts up to dimension six as following
. (2.17)
The perturbative parts for all structures and the considered hyperons are found as
The functions BΠ
in non-perturbative parts have very lengthy expressions. So, we only present the function BΠ N on−pert i,D3
for the structure p and Σ particle, as an example. It is obtained as
where s 0 is the continuum threshold and we ignored to present the terms containing the up and down quark masses. Equating the hadronic and OPE sides of the correlation functions, we get λ * 2 
By solving the above eight equations simultaneously, we get the following in-medium sum rules for the parameters under consideration λ * 2
, µ * 2
where
. Here we shall remark that we choose the above roots for µ * 2 H ± among four roots obtained from the calculations.
Numerical results and discussion
In this section, we numerically analyze the QCD sum rules for the residues, masses and self energies of Σ, Λ and Ξ hyperons for both parities in nuclear matter. For this aim, the numerical values of the quark masses as well as the in-medium quark-quark, quark-gluon, gluon-gluon condensates are necessary inputs. Their numerical values are listed in table
1. Besides, we need to find the working regions of three auxiliary parameters, namely continuum threshold s 0 , Borel mass parameter M 2 and the arbitrary mixing parameter β.
The standard criteria for finding the reliable working regions for these helping parameters is that, the physical quantities show good stability with respect to these parameters in those regions.
The continuum threshold s 0 corresponds to the beginning of the continuum in the considered channels. √ s 0 − m H is the energy that we need to excite the particle to its first excited state with the same quantum numbers. We take this value in the interval [0.3 − 0.5] GeV. In this interval, the numerical results show weak dependency on the continuum threshold. To determine the working region for the Borel mass parameter M 2 , we take into account two criteria: suppression of the contributions of the higher states and the continuum compared to the pole contribution and the exceeding of the perturbative part to the nonperturbative contributions. More precisely, the upper bound on the Borel parameter is found by demanding that
where ρ p,u,S (s) are the spectral densities corresponding to different structures in the channels under consideration. The lower bound on this parameter is obtained requiring that the perturbative contribution is more than the non-perturbative one and the term with highest dimension contributes less than 10% to the whole OPE, i.e. the series of sum rules converge.
Note that to find the Borel window we consider all the sum rules in Eqs. (2.22) and (2.23) and choose the one with relatively worst OPE convergence. Our numerical calculations show that the last sum rule in Eq. (2.23) has relatively worst OPE convergence but still satisfies the aforesaid criteria. We consider this sum rule and the above mentioned conditions to determine the "Borel Window" at different channels.
In the case of the mixing parameter β, we try to find a β for each channel with a large residue/continuum ratio, showing that the relative contribution of the ground state pole to the sum rules is largest. Considering these criteria and using all input parameters, in the following, we perform our numerical analyses for the hyperons under consideration.
Σ hyperon
The aforementioned criteria for determination of the working region for the Borel mass parameter lead to the region 1.3 GeV is close to those of [7, 18] within the errors. For the Σ νΣ + /m Σ + , our result shows a small difference with those of [7, 18] . This can be attributed to the different interpolating currents used in these works and the fact that, we take into accounts both the positive and negative parity baryons. When we compare the results of parameters of the positive and negative parity cases, we see that the absolute value of the shift in the residue of the negative parity is considerably more than that of the positive parity Σ. Meanwhile, the absolute value of the shift on the mass for the negative parity is also higher than that of the positive parity.
The ratio Σ νΣ + /m Σ + is roughly 1.8 times more than the ratio Σ νΣ − /m Σ − . Using the relation
Σ , we find the scalar self energy of the positive and the negative parity Σ to be −0.324 GeV and −0.748 GeV, respectively. Our results for remaining parameters may be checked by other phenomenological approaches as well as the future experiments.
0.013 ± 0.003 0.027 ± 0.006 0.924 ± 0.330 0.779 ± 0.287 0.350 ± 0.035 0.228 ± 0.023 Table 2 : The numerical values of residues, masses and self energies of Σ hyperon with positive and negative parities.
work 0.94 ± 0.22 1.47 ± 0.27 0.74 ± 0.14 0.51 ± 0.09 0.28 ± 0.06 0.15 ± 0.03 [7, 18] 0.78-0.85 0.18-0.19 Table 3 : The ration of parameters for Σ hyperon.
At the end of this part, we would like to compare our results for the positive parity Σ baryon with those of nucleon [5] . In the case of mass, the shift is negative for both the Σ baryon and nucleon, although the value of shift in the case of Σ is 5% less than the nucleon.
As far as, the residue of the positive parity of the Σ hyperon is concerned, the shift is −6%
while it is −10% for the nucleon [5] . 
Λ hyperon
For the Λ hyperon, the interval of the Borel mass squared parameter is the same with Σ hyperon, i.e. 1.2 GeV 
.024 ± 0.007 0.038 ± 0.008 1.022 ± 0.318 1.053 ± 0.158 0.193 ± 0.015 0.151 ± 0.052 Table 4 : The numerical values of residues, masses and self energies of the Λ hyperon with positive and negative parities. [18] 0.85-0.94 Table 5 : The ratio of parameters for the Λ hyperon. 
Ξ hyperon
In the Ξ hyperon channel, the interval 1.5 GeV With the help of the relation between m * Ξ and m Ξ , it can be easily obtained that the scalar self energies of the positive and the negative parity Ξ are −0.116 GeV and −0.504 GeV, respectively. Our results on this channel also can be be tested via other approaches and experiments.
0.034 ± 0.009 0.065 ± 0.001 1.179 ± 0.351 1.124 ± 0.330 0.086 ± 0.026 0.044 ± 0.014 Table 6 : The numerical values of the residues, masses and self energies of Ξ hyperon with positive and negative parities. Table 7 : The ratio of parameters for the Ξ hyperon. 
Concluding remarks
We investigated the effects of nuclear medium on the residues, masses and self-energies of the positive and negative parity Σ, Λ and Ξ hyperons in the framework of the QCD sum rule method. We used the general interpolating currents of these baryons with an arbitrary mixing parameter to calculate the shifts in the masses and residues of these hyperons for both the positive and negative parity states in nuclear medium compared to their vacuum values. We also obtained the values of the vector and scalar self-energies for these baryons considering the reliable working regions of the auxiliary parameters entering the calculations. We observed that the shifts on the residues in nuclear matter are over all positive for both the positive and negative parity hyperons, except for the positive parity Σ hyperon that it is negative. The shifts on the masses of these baryons are obtained to be negative. It is found that the shifts on the residues and the masses corresponding to the negative parity particles are considerably large compared to those of the positive parity states. The maximum shift belong to the value of the residue of the negative parity Λ baryon. In the case of vector self-energy, the energy gained by the positive parity baryons are large in comparison with those of negative parity vector self-energy. The maximum value of the vector self-energy corresponds to the positive parity Σ hyperon. In the case of absolute value of the scalar self-energy, we found that the maximum and minimum values belong to the negative parity Σ and the positive parity Λ hyperons, respectively. Our results can be checked via different phenomenological approaches as well as the future experiments.
The obtained results can also be used in analyses of the heavy ion collision experiments.
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